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Excess vitamin A has striking morphologic and devel-
opmental effects on chick embryo skin . While cyto-
plasmic retinoic acid-binding protein (CRABP) was 
known to be abundant in chick embryo skin, neither 
quantitative values nor the distribution between dermis 
and epidermis have bee n established. We determined 
CRABP levels in collagenase -separated dermis and epi-
dermis from 8-day-old embryos using specific binding 
of all-trans-[11- 3 H]retinoic acid in cytosols prepared 
from gram quantities of these tissues. The level of 
CRABP in dermis was twice the level in epidermis 
whether calculated on the basis of wet weight, cytosol 
protein, or DNA. When averaged over many prepara-
tions, 3 times as much dermis as epidermis was re-
covered from a single piece of skin. Therefore, the der-
mis contained 85% of the extremely high CRABP levels 
found in collagenase-treated skin, while epidermis con-
tributed only 15%. Cytoplasmic retinol binding protein 
(CRBP) was also d e tected in chick embryo skin, but the 
binding was low and the levels in e pidermis and dermis 
were not significantly different. The amount of CRABP 
in chick embryo skin (1600 pmol/g wet weight or 100 
pmol/mg cytosol protein) is the highest level reported in 
any tissue and suggests an important role for vitamin A 
in the normal d evelopment and maturation of skin . 
V itamin A is invo lved in t he cont rol of normal epit helia l cell 
growth and differentiation. A dieta ry deficiency of t he vitamin 
results in a squa mous ce ll metap las ia in ma ny epithelia, kera-
ti nization of mucous epithelia, and excessive keratinization of 
skin [1 ,2 ]. The metaplasia in the mucous epithelia resul ts in a 
rep laceme nt of normal, columnar, mucus-sec reting cells both 
in t he whole a nima l [1 ,2] a nd in orga n cul ture [3,4] by abnormal 
squamous cells. Conversely, an excess of vitam in A inhibits 
keratinization. 1 n orga n cul ture, a n excess of vitamin A not 
only inhibi ts keratinization of embryonic chick skin [5] and 
fetal mouse skin [6], it a lso produces a metaplasia of columna r, 
m ucus-sec reting cell s . S ince t he terminal differentiation of 
keratinocytes to form stratum corneum is a lso inhibited in cell 
cult ure by vitamin A [7], t hese effects of vitamin A operate at 
the cellula r level. 
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Abb reviations: 
BHT: bu tylated hydroxytoluene 
CRABP: cytoplasm ic retinoic acid-bind ing protein 
CRB P: cytoplasmic retinol-binding protein 
HBSS: Hanks' balanced salt solut ion 
HPLC: high-performance liquid chromatography 
Tris: tris(hydroxymethyl) aminomethane 
279 
How vitamin A controls norma l epithelia l cell growth a nd 
different iation is not known. H owever, effects on nuclear t ra n -
scrip t ion have been observed within 1 h after refeeding retinol 
to vitamin A-deficient a nimals [8]. One proposed mechani sm 
of action [9] is t hat vitamin A, like steroid hormones, when 
bound to a specific binding protein affects nuclear transcrip-
t ion . This p roposed mechanism is supported by t he findings of 
Chytil and Ong and others [9-12] t hat t here are two different 
cytoplasmic prote ins which specifica lly bind either retinol 
(CRBP) or retinoic acid (CRABP). These retinol-binding pro-
teins a re probably essent ia l for many of t he physiologic effects 
of vitamin A, s ince t he binding affin ity of retinoid analogs to 
either CRBP or CRABP ge nerally correlates wi t h t he biologic 
activity of t he a nalogs [ 12- 14]. Further evidence fo r t he central 
role of CRBP a nd CRABP in mediating vitamin A action is 
t hat specific and saturable binding of retinol or retinoic ac id to 
isolated nuclei occurs only when t he ligand is presen ted bound 
to its approp riate cytoso lic binding protein [ 15- 17]. 
Even t hough skin has long been known to be a sensit ive 
target tissue for vitamin A, levels fo r CRABP in adul t human 
[18- 20] a nd rat [21] skin are not high. Furthermore, CRBP 
levels have been found to be ve ry low [19,20] or not detectable 
[21 ] in skin. These retinoid-binding proteins a re probably 
elevated in fetal t issue, s ince both CRBP and CRABP were 
detected in feta l rat skeletal and heart muscle, but were not 
detected in t he corresponding adu lt t issues [22]. In fe tal chick 
skin , at least one of t he retinoid-binding proteins may be 
elevated compared to adul t skin. CRABP has been detected 
[11 ,12] a nd subsequently purified to homogeneity [23] from 
ch ick embryo skin. We report here t hat CRABP levels a re 
higher in chick embryo skin t han t he levels p reviously reported 
for any other t issue. In contrast CRBP is a lso present but the 
levels appear to be very low. In adul t human skin, CRABP is 
found predomina ntly in t he epidermis, not in t he dermis [18-
20]. In contrast to t he adul t human , we find t hat t he very high 
CRABP levels in chick embryo skin a re even higher in t he 
dermis t han in t he epidermis . 
MATERIALS AND METHODS 
Hanks' balanced salt solution (HBSS) was purchased from Micro-
biological Associates while Worthington collagenase, type I, was pur-
chased from Millipore Corporation. Unlabeled all -trans-retinol, un la-
beled a l1 - tran~- retino i c acid, bovine pancreas ribonuclease A, chicken 
egg albumin, phenylmethylsul fony l fluoride, butylated hydroxytoluene 
(BHT) , and tris(hydroxymethyl)aminomethane (Tris) were obtained 
fro m Sigma Chemical Company. Spectrophotometric grade Me2SO was 
supplied by Aldrich Chemica l Company, Dextran T-70 by Pharmacia 
Fine Chemicals, and Nori t A by Fisher Scientific Company. Methanol , 
acetoni trile, and hexane were all chromatography grade from Bu rdick 
and Jackson Laborato ries, Inc. Bonded octadecylsilane (Partisi l 10-
0DS and Part isil 10-0DS-2) prepacked high-performance liquid chro-
matography (HPLC) colu mns (0.46 X 25 em) were obtained from 
Whatman Inc. [3H]retinol at 15 Ci/ mmol was kindly provided by D. 
Ong and was prepa red as previously described (24 ]. All -trans-[1J -3H] 
retinoic acid with a sp act of 1.63 Ci/ mmol was obtained from the 
Biological and Chemical Prevention Program, Division of Cancer Cause 
and Prevention of the National Cancer Institute. The liqu id scint illa-
tion cocktail employed was EP-Ready Solv from Beckman Instruments 
Inc. ' 
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Preparation of Cytosol.~ 
Back skins we re excised from 80 chick embryos that were 8 days old 
and placed in 4 ml of HBSS at room temperature. Three- fourths of 
t heRe back skins were transferred to 4 ml of HBSS co ntaining 1.5 mg/ 
ml collagenase while the remaining one-fourth were transferred to 4 
ml of HBSS. Following incubation at 37"C for 13 min , both the control 
and collagenase-t reated skins were washed by transfer ring them to 
separate 4-ml aliquots of HBSS at room temperature two t imes. The 
derm is and epidermis from 40 of the collagenase-treated skins were 
carefull y teased apart and separated into different aliquots of HESS. 
The individual weights of the 4 skin samples, i. e. , control, coll agenase-
treated, epidermi R, and dermis, were determined after cent rifugation in 
small conical cent rifuge tubes at 13,000 g for 15 min and removal of all 
excess HBSS. These samples were stored at -70"C. In some cases, 
individual back Rkins or t he separated dermis and epidermis from a 
back skin were removed before centrifugation and placed in 10% 
neutral, buffered formalin. These sa mples were dehydrated and em-
bedded in paraffin. Sections were cut at 6 ,.,m and stained with hema-
toxylin and eosin. 
Cytosol was prepared by addin g 15 ml of 0.005 M Tris-HCI, pH 7.5, 
at. room temperature, and 15 ,.,1 of 100 mM phenylmethy lsulfonyl 
fluoride (dissolved in methanol) to 0.5 g of eac h of the skin sa mples. 
Following the add ition of 150 ,.,1 each of 20 mg/ml ovalbumin and 20 
mg/ml ribonuclease, the samples were homogen ized at o·c using an 
Ult ra-Turrax homoge nizer with a Tissumizer Cont rol Module (Tekmar 
Co mpany) at setting 5 for 15 s. Aliquots for DNA determination 
acco rding to Burton [25] were removed. The homogenates were pro-
cessed t.o obta in cytosols as described by Ong and Chyt il [22]. Finally, 
the cytosols were frozen , lyop hilized to dryness, and reco nstitutt d to 
1.5 ml with H20. Protein was dete rmined according to Bradford [26] 
using gamma globulin as a standard and the values were corrected for 
the ova lbumin and ribonuclease added to the cytosol. Cytosols were 
Rto red frozen at -70"C. 
Binding fJrolcin Assays 
Both ["Hlretinol and I"Hlretinoic ac id were purified by reverse phase 
HPLC within 2 days of use in a binding assay. For [3 Hjretinoic ac id, 
30- 40 ,.,Ci in 100 ,_d of methanol were puri!ied on a Partisil 10-0DS-2 
column acco rding to McKenzie et al [27] except the eluting solvent 
was methanoi:O.Ol N acetic acid (4:1) and the fl ow rate was 1.5 ml/ 
min. Similarly, for l"H]retinol, 30- 40 f.l Ci in 100 f.l l of methanol was 
purified on a Partisil 10-0DS column according to Bhat et a l [28] 
except. t.he solvent was acetonitrile:H20 (4 3:57) and the fl ow rate was 
2 ml / min. In both purifications, elu ted fraction s were collected under 
nitrogen in subdued light into tubes containing sufficient BHT to make 
eac h fraction !'>0 ,.,g/ ml in BHT. Fractions co nta ining the puri!ied 
li gand we re pooled and extracted into equal volumes of hexane 2 times. 
The hexa ne phases contained the ligand and were combined and taken 
to dryness under nitroge n. The ligand was resuspended in Me2SO for 
use in the binding assay. 
For the binding assay, cytosol was dilu ted to 290 f.l l with 0.05 M Tris-
HCI, pH 7.5, conta ining 2 mg/ml each of ribonuclease and ovalbumin . 
Approx imately :300,000 cp m of either l"H]retinol (25 pmol) or I''H J 
retinoic ac id (210 pmol) was added in a 5- f.ll aliquot to each assay tube. 
To determine nonspec ific bi nding, appropriate unlabeled retinoid (3 
nmol retinol or :10 nmol retinoic acid) was added to some assay tubes 
as a 5-f.ll solu tion in Me2SO containing 2 mg/ml BHT. Assay tubes 
without added unlabeled retinoid had !) f.ll of Me2SO containing 2 mg/ 
ml BHT added. 
Following incubation at O"C for 4 h, 0.2 ml of dextran-coated charcoal 
(0.2 mg dextran, 2 mg charcoa l in 0.05 M Tri s-HCI, pH 7.5) was added 
to the assay mi xture to remove unbound liga nd [10]. A 200-f.ll aliquot 
of the supernatant from t hi s mixture was submitted to centrifugation 
on linear 5- 20% (w/v) sucrose gradients in 0.05 M Tris-HCl, pH 7.5, 
for 10 h at 189,000 g T he gradients were frac tionated and the tr itium 
in eac h fract ion determined as desc ribed by Bashor et al [9] except 
t hat EP Ready Solv was the liquid scintillation cockta il. The counting 
effi ciency was 36%. The amount of binding was calcul ated as described 
by Ong et al [24] . Total binding for each preparation of the 4 skin 
samples was determined in duplicate, while nonspecific binding was 
determined as a sin gle va lue. As a result, two va lues for specific binding, 
which is the difference between tota l and nonspecific binding, were 
calculated for each sample prepara t ion. Two separate cytosol prepara-
t ions from eac h of the 4 skin samples were assayed in this way, giving 
a tota l of 4 values for spec ific binding for each skin sample. Averages 
and standard deviations were computed by treating t hese 4 values as 
independent and equally weighted. 
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RESULTS 
Four chick embryo skin samples (untreated skin , collagenase-
treated skin, epidermis, and dermis) were analyzed for CRBP 
and CRABP levels and compared. While levels of t he binding 
proteins in ep idermis a nd dermis were inherently of interest, 
levels in untreated a nd collagenase-treated sk in were necessary 
to show that collagenase treatment did not cause artifactual 
loss of the binding proteins. 
Light microscopy of t he 4 different chick embryo s kin sam-
ples (Fig 1) showed that coll agenase treatment did indeed 
sepa rate the ep idermal and dermal layers (pa nels B and E). 
Interestingly, the untreated skin sample was much t hicker t han 
the collagenase-treated skin sample (compare panels A a nd B). 
Collagenase treatment not only separated epidermis and der-
mis, it removed subcutaneous t issue attached to the dermis 
which was excised a long with the back skin from the embryo. 
This histologic observation was confirmed by the average yields 
per embryo of 7.5 mg and 5 mg for untreated a nd collagenase-
treated skin, respectively. Furthermore, pieces of subcutaneous 
tissue no longer attached to skin were abundant after collagen-
ase digestion. Following collagenase treatment, epidermis and 
dermis were teased apart and cleanly sepa rated from one an-
other (compare panels C a nd D) . The average yield of epidermis 
and dermis per embryo were 3 mg and 1 mg, respectively. These 
sepa rate yields do not sum to the 5 mg of collagenase-treated 
skin obtained per embryo. The average yields of epidermis and 
dermis were decreased because those skins or port ions of skins 
in which dermis and epidermis could not be clearly separated 
were discarded . Epidermis was often obtained as a single sheet 
of t issue and cou ld even be removed from the site of developing 
feather follicles still present in the separated dermis (panel C). 
Histologically, several dermal and epiderma l samples showed 
t hat derma l cells and matrix were rarely isolated wit h t he 
epidermis while some ep idermal cells were occasionally found 
in dermal preparations. Since the attached epidermal cells were 
randomly distributed a long the dermis, t here was not a selective 
retention of parts of the epidermis with the dermis. Generally, 
the entire ep idermal layer including basal cells and basement 
membrane was separated from the dermis by collagenase treat-
ment (panel E). 
Cytosols were prepared from the 4 skin samples a nd each 
was assayed for CRABP by quantitating t he specific binding of 
all-trans-[11-"H]retinoic acid. To reduce nonspecific binding 
(binding in the presence of greater than 100-fold excess of 
unlabeled retinoic acid), it was necessary to purify the labeled 
ligand by HPLC within 1 or 2 days of use in the binding assay. 
This HPLC purification was critical to the success of t he 
binding assay and was necessary even though only small 
amounts of labeled contaminants were detected by HPLC in 
the [3H)retinoic acid before purification. To further resolve 
nonspecific binding from specific binding, the binding assay 
mixtures were fractionated by centrifugation on sucrose gra-
dients. The majority of the tota l binding occurred in t he center 
of the gradient (Fig 2) at t he sedimentation position expected 
for CRABP. Since t his pea k of total binding was reasonably 
well resolved from t he peak of nonspecific binding, t he specific 
binding as a difference between tota l a nd nonspecific binding 
was easily obtained. 
Identical observations to those made for the CRABP binding 
assay apply to the 4 s kin sample assays for CRBP depic ted in 
Fig 3. While the HPLC purification of ["H]retinol was not 
critical to the success of the binding assay as it was with (3H) 
retinoic acid, [''H]retinol was also purified by HPLC within a 
few days of its use in the assay. As is clear from Fig 3, specific 
binding of [''H]retinol as the difference between total and 
nonspecific binding was readily calculated. 
The results in Fig 4 show that in the assay for CRABP the 
available specific binding s ites were saturated. Doubling t he 
amount of ["H]retinoic acid per assay had little effect on t he 
total binding to CRABP (fractions 5- 15). With the 10-fold 
lower level of [3H]retinol used for the CRBP determinations, 
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F IG 2. Binding of !"Hjretinoic ac id to CRABP in cytosols from 
chick embryo sk in , dermis, and epide rmis. Cytosols (20 1'1) from un -
t reated skin (A), co llage nase- treated skin (B), dermis (C) , and epider-
mis (D) were incubated with a ll -t rans- [11 -"Hjretinoic acid in a tota l 
volume of 300 1'1 a nd were frac tionated on a sucrose gradient: as 
desc ribed in Materials and Methods. For each of the skin samples, 
spec ific binding was computed as the diffe rence between total (-e-) 
radioactivity bound minus rad ioactivity nonspec ifica lly (-0 -) bound in 
the 2S region of the gradient. The top of the gradient co rresponds to 
fraction number 1. 
the total binding to CRBP did increase when the ["H]retinol 
was increased (data not shown) indicating that available spe-
cific binding sites were not satu rated. In Fig 4, t he calcul ated 
FIG 1. Hematoxylin -eosin stained sections of chick embryo back 
sk ins that were excised from 8-day-old embryos. Panel a shows un -
t reated sk in while panels b and e show collagenase-treated skin. The 
dermis and ep idermis were separated a fter collagenase treatment and 
a re shown in panels c a nd d, respective ly. The region of t he dermis 
selected for panel c conta ined a developing feather fo llicle. The length 
bars indicate 200 I'm in a and band 100 !Jill in c, d, and e. 
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FIG 3. Binding of ["H]retinol to CRBP in cytosols from chick em-
bryo skin a nd dermis and epidermis. The experimental procedures and 
samples analyzed a re identica l to those described in t he lege nd for Fig 
2 except 145 1'1 of cytosol was incubated with [3H]retinol in a total 
volume of 300 ,,J. 
specific binding actually decreased when [3H]retinoic acid was 
increased because of the increase in apparent nonspecific bind-
ing. Much of the apparent nonspecific binding appearing at the 
top of the sucrose gradient (fractions 1- 5) is due to free ["H] 
retinoic acid not removed by charcoal t reatment. To better 
resolve the radioactivity peaks due to free and specifically 
bound [3H]retinoic acid, t he centrifugation time for the sucrose 
gradient was increased from the usual 20 h (24] to 40 h for all 
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F IG 4. Effect of increasing the [3H]retinoic acid concentration on 
its binding to CRABP. Identical ali quots (40 pi) of cytosol prepared 
from chick embryo sk in dermis were incubated in a total volume of 300 
p i with ["H]reti noic acid. Total binding was determ ined in the absence 
of added unlabeled retinoic ac id (-e -) at concentrations of 0.66 pM 
(panel A) or 1.32 pM (poncl B) ["H]retinoic acid. Nonspecific binding 
was det ermined with identical incubation mixtures except that the 
unlabeled retinoic acid was added (100 pM) (-0 -) . The incubation 
mixtu res were t reated with charcoal-dextran and fract ionated on su-
crose gradients as described in Maleria.l.~ and Melhods. 
the studies reported here. To maximize specific binding, 
CRABP was kept saturated and nonspec ifi c binding was min -
imized by routinely us ing 0.8 ,uM ["H]retinoic acid during the 
incubation with cytosol. For both t he CRBP and CRABP 
assays, t he amoun t of specific binding did increase linearly with 
t he amoun t of cytoso l, so t he amoun t of respective binding 
protein ca lcu lated per gram of skin sample remained constant 
(data not shown). S ince thi s result shows that both assays could 
detect relative differences in t he amount of t he binding pro-
teins, t he diffe rences in speci fi c binding between t he 4 sk in 
samples seen in Figs 2 and 3 re llect differences in the levels of 
appropriate bind ing protein. 
Values a re given in Table 1 for the pmol of ["H)reti noic ac id 
a nd ["H) retinol specifically bound per g of t issue per mg cytosol 
protein and for t he mg of DNA per g of skin in representative 
homogenates. A given va lue for pmol of labeled li gand bound 
per g of tissue or per mg cytosol protein is the ave rage from 2 
separate cytosol preparations with 2 determinations of total 
binding for each cytosol preparation. S ince t he DNA values for 
t he 4 skin samples a re very simila r, the differences in levels of 
bind ing protein between s kin samples is not due to a diffe rence 
in t he number of ce ll s per g of t issue. In other wo rds, t hese 
differences in binding prote in levels re fl ect differences in t he 
amoun t of binding prote in per ce ll. 
The data presented in Table I indicate t hat t he binding of 
retinoic ac id per g of t issue was very high a nd was even 2- fold 
higher in dermis than in epide rmis. S ince CRABP binding sites 
where shown to be saturated in the assay (see Fig 4) , t he pmol 
of retinoic acid spec ifi cally bound could be equated with t he 
pmol of CRABP by assumin g one binding site per CRABP 
molecule . No significant difference in retinol binding between 
dermis and ep idermis was found , probably because spec ific 
binding of retinol was low and dete rmined standard deviations 
were la rge. As ment ioned above, retinol binding sites were not 
saturated in the assay. Therefore, t he actual amount of CRBP 
in t he t issue is large r t han the measured amount of specific 
retinol binding. It should be noted that t he spec ific binding of 
["H]retinol in chick skin cytosol was not due to a low-affinity 
binding of retinol to t he very large amounts of CRABP present. 
Addition of unlabeled retinoic acid (25 ,uM) had no effect on 
t he tota l binding of retinol in dermis cytoso l. When nonspecific 
binding determined in t he presence of excess unlabeled retinol 
(25 ,uM) was subtracted from these totals, we calculated t hat 
30.9 and 32.5 pmol of retinol per g of dermis were bound in 
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TABLE 1. Levels of CRABP, CRBP, and DNA in lhe shin samples and 
in. separated dermis and epidermis 
CRABP CRBP DNA 
Tissue pmol pmol pmol pmol mg 
per g wet per mg per g wet per mg per g wet 
weight protein weight protein weight 
Untreated skin 660 ± 180" 58± 10" 16 ± 7" 1.5 ± 0.6" 2.6b 
Collagenase- 1630 ± 220 100 ± 6 33 ± 3 2.1 ± 0.5 3.0 
treated skin 
Dermis 1720 ± 240 130 ± 15 37 ± 8 2.8 ± 0.5 3.0 
Epidermis 860 ± 90 63 ± 6 33 ± 12 2.6 ± 1.3 3.0 
"Mean ± SD based on 2 determ inations of total binding for each of 
2 separate preparations as described in Materials and Methods. 
b Average of determinations on 2 different preparations. 
absence and presence of added unlabeled retinoic acid, respec-
tively. Clearly, the specific binding of retinol in chick embryo 
skin is due to the presence of small amounts of CRBP, even 
though the amounts of CRABP are at least an order of mag-
ni t ude la rger. 
DISCUSSION 
This study shows that CRABP levels are 1600 pmol per g of 
chick embryo skin or 100 pmol per mg cytosol protein. Previous 
reports of CRABP in chick embryo skin [11 ,12,23,29) have not 
quantitated t his binding protein. This is the highest level of 
CRABP reported for any tissue [21 ) a nd is comparable to the 
1200 pmol of CRBP found per g of rat liver [21). These very 
high CRABP levels for chick sk in may actually be an under-
estimate, since we have shown [30) t hat t he sucrose gradient 
analysis can underestimate t he amount of spec ific binding. In 
that study (30], rat testes (a t issue wit h high CRABP levels) 
had 3. 7 and 5.9 pmol of CRABP per mg of cytosol protein as 
determined with sucrose gradient analysis and radioimmuno-
assay, respectively. The very high levels of CRABP in chick 
embryo skin support the idea that retinoids have an important 
role during t he norma l development of skin in the chick embryo. 
Several intern ally consistent measurements established the 
validity of t he data presented here . Proteolytic degradation of 
the vitamin A-binding proteins due to trypsin and clostripain 
activities in t he collagenase used was not a problem, since 
binding protein levels per g were even higher in collagenase-
t reated skin. The increased spec ific binding in collagenase-
t reated skin can be partially expla ined by assuming that the 
subcuta neous tissue attached to the dermis in excised back skin 
had low levels of binding protein. Hence, t he observed removal 
of the subcutaneous tissue by co ll age nase treatment would be 
expected to increase the amount of spec ific binding per g t issue 
or per mg cytosol protein. Since t he weight of the untreated 
skin decreased by one-third a fter collagenase t reatment, t he 
amount of specific binding could increase as much as 50%. The 
observed increase (Table 1) is greater than 50%, which probably 
indicates t hat collage nase t reatment a lso made the skin easier 
to homogenize, allowing more complete extraction of the bind-
ing proteins. This explanation is supported by the finding of 
higher cytosolic protein values (Table 1) for collage nase-treated 
skin than for untreated skin . Further support comes from the 
report [18] that, in human skin , higher levels of CRABP have 
been found in epidermal cytoso ls prepared from collagenase-
treated skin than in cytosols prepared from epidermis scraped 
from the skin. Another internally consiste nt measurement in -
volved t he levels of binding protein in dermis and epidermis 
compared to the levels in collagenase-treated skin. Since t he 
average weight yield of dermis and epidermis was 3 to 1, 75% 
of the spec ific binding in collagenase-treated skin should be 
from dermis and 25% of the specific binding from epidermis. 
For both retinoic acid binding and retinol binding, this recon-
stituted value agrees with the determined value for collagenase-
t reated skin, suggesting that cells enriched in binding protein 
were not lost when epidermis and dermis were separated. 
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W h e n c hic k embryo s kin was sep a rated into de rmis and 
ep idermis fo llowing co ll agen ase t reatm en t, t he re was 2 ti m es 
as m uch C RABP per g o f de rmi s as t he re was pe r g of epide rmis . 
S i nce 3 t imes as muc h de rmis as e pide rmis was recove red from 
co llagen ase-t reated skin , most o f t he high C R AB P level in 
chick embryo skin was accounted fo r by t he high C RABP leve l 
in d e rmis . In co n t rast to our resul ts, othe rs [29] did not detect 
CRAB P in t he connective t issues (dermis ) o f chick embryo 
metat a rsal skin , a lt hough it was p resen t in t he epit helia l cells 
(epidermis). Severa l re po rts indicate t hat CRABP has a lso n ot 
been detected in t he dermis in adult huma n skin [18- 20). The 
lack of agreem e n t betwee n our resul ts a nd t hese repo rts could 
reflect rea l c ha nges in CRABP levels due to species o r devel-
opmen tal diffe re nces o r could be due to expe rimen tal a r t ifacts . 
An expe rime n tal a rt ifact t hat could explain t he di ffe re n ce 
between CRABP levels in chic k embryo a nd adul t huma n 
dermis is t he difficul ty in ho m ogenizin g adul t human dermis 
and t her e fo re in ob taining cytosol. H ow t he connective t issues 
(d e rmis) o f chic k embryo metatarsal skin were isolated o r t he 
ease wit h w hich t hey could be ho m ogenized was not repor ted 
[29] . One p ossible developme ntal di ffe rence m ay be t h e greatly 
redu ced cellula ri ty of adul t de rmis compa red to epidermis. In 
the chick e m b ryo we found ce llul a ri ty to be very s imila r in 
these layers as judged by mi c roscopic e xa minatio n o r based on 
DNA values . S ince C RAB P is a cytoplasmic protein , its t issue 
leve ls obvious ly s hould be dete rmined for compa ra ble numbers 
of ce lls. 
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